One of the most serious complications of retinal detachment is the development of excessive vitreous strand formation and fixed retinal folding. In accordance with its pathogenetic interpretation, this entity has been called massive vitreous retraction (MVR), massive preretinal retraction (MPR) (Tolentino et al., 1967) , massive preretinal fibroplasia (Cibis, 1965) , or massive periretinal poliferation (MPP) (Machemer and Laqua, 1975) . This complication accounts for the majority of failures in retinal surgery.
Evaluation of animal experiments (Machemer and Laqua, 1975; Mandelcorn et al., 1975; MuellerJensen et al., 1975; Laqua and Machemer, 1975a; Laqua and Machemer, 1975b) in which the human disease could be simulated, the analysis of the intraocular situation during vitreous surgery, and the study of specimens taken from the human eye have all helped us to understand the human disease better.
In this paper the author's experiences are combined to explain the pathogenesis of the disease in the human eye and to present a clinically useful classification of its various stages.
Pathogenesis of MPP
Experimental production of retinal detachment in owl monkey eyes (Machemer and Norton, 1968) has provided a unique opportunity to study in detail the development of massive periretinal proliferation (MPP). The clinical picture of MPP in this model is very similar in appearance to that in the human disease. Histological examination of human eyes with MPP and electron microscopic studies of specimens obtained from human eyes during vitrectomy also suggest the similarity of the animal model to the human disease (van Horn et al., 1977) .
Here an attempt is made to use the detailed knowledge gained from animal experiments and human studies to provide an explanation of the pathogenesis of MPP which is also valid for the human eye. Conclusions are based on the observations that cells undergoing proliferation and metaplasia probably deriving from retinal pigment epithelium (Machemer and Laqua, 1975; Mandelcorn et al., 1975; Mueller-Jensen et al., 1975; Machemer et al., 1978) and from retinal glial cells (Laqua and Machemer, 1975a; van Horn et al., 1977) are mostly responsible for this complication. The evidence for these two sources will be discussed in this order.
PIGMENT EPITHELIAL PROLIFERATION
When the retina is detached, cells are probably liberated from the pigment epithelium and appear as pigmented macrophages under the retina (Machemer and Laqua, 1975) . Like normal pigmented epithelial cells in contact with the outer surface of the retina these cells continue to phagocytose outer segment material (Fig. 1) (Machemer and Laqua, 1975) (Fig. 3) .
GLIAL CELL PROLIFERATION
In addition to the pigment epithelial cells retinal glial cells participate in the proliferative process during retinal detachment (Laqua and Machemer, 1975a; van Horn et al., 1977) . These cells grow through the internal limiting membrane and proliferate along the inner retinal surface, usually forming more localised membranes. Glial cells also protrude through the external limiting membrane of the retina and grow along its outer surface, sometimes covering large areas (Laqua and Machemer, 1975a) (Fig. 4 (Fig. 2) . Since the cells are not seen to migrate through the retina, they must reach the vitreous cavity through a retinal hole (Machemer and Laqua, 1975) . The cells are usually visible as 'tobacco dust' (Hamilton and Taylor, 1972) in the vitreous and accumulate inferiorly on the surface of the retina.
Simultaneously some of the pigment epithelial macrophages undergo changes. A first group of cells begins to resemble fibroblasts and fibrocytes (Machemer and Laqua, 1975; Machemer et al., 1978) . As the fibroblast-like cells multiply, clusters and tissue membranes of these cells are found on any available surface-the inner retinal surface, vitreal surface, posterior lens surface, and even in the subretinal space along the outer surface of the retina (Machemer and Laqua, 1975; Laqua and Machemer, 1975b) (Fig. 3) .
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A second group of cells also develop cellular TACROPHAGES membranes. Except for their ectopic location they bear close similarity to normal pigment epithelium Fig. 2 Macrophages have migrated through the retinal and are therefore called pigment epithelium cells hole into the vitreous cavity and settled on the retinal (Machemer and Laqua, 1975) . Both types of cellular surface or posterior vitreous membrane. Their number membranes are initially clinically invisible and can increases through cell division Robert Machemer 738 cells behave like fibroblasts; they multiply and migrate in the direction of cell-free space along available surfaces. They adhere to the underlying surfaces and to each other. As the cells move forward they are stretched, and tensile or contractile forces develop (Constable et al., 1974) .
Rather massive amounts of cytoplasmic filaments are found in the metaplastic pigment epithelium as well as in the proliferating glial cells (Machemer and Laqua, 1975; Laqua and Machemer, 1975a; van Horn et al., 1977; Machemer et al., 1978) . Cytoplasmic filaments are a normal constituent of many cells. The exact importance of these filaments 0 is not known, but it has been suggested that they may be contractile (Spoones et al., 1971; Crawford et al., 1972) . The high content of these filaments in some of the membrane-forming cells makes it possible to speculate that it is this structure that causes contraction of the cells. Although cells are often not even interconnected by cell junctions, they seem to adhere to each other and form a membrane. It is this whole membrane that contracts.
Contractile forces are exerted very early in the development of the membranes. They are initially so minimal that changes remain invisible. The contractile forces finally become so strong that they Sometimes these membranes may be so large and the forces build up to such a degree that their contraction detaches the entire retina.
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w\5; D // / / Experiments have shown that altered pigment epithelium can produce collagen (Machemer and Laqua, 1975; Mueller-Jensen et al., 1975; Newsome and Kenyon, 1973) . Many workers have thought in the past, and most recently (Havener, 1973; Algvere and Kock, 1976) Gloor (1976) agrees that MPR is caused by a proliferative process, but he thinks that it is caused by glial proliferation as suggested by the studies of Roth and Foos (1971) , Foos (1974) , Foos and Gloor (1975), and Rentsch (1973) . He Havener (1973) between 'possible', 'probable', 'definite', and 'advanced'; Scott (1975) between 'prefibrotic' and 'fibrotic'. For this reason I consider it is important to redefine MPP stages more precisely and show these as detailed as possible in Fig. 8 . In reading the descriptions of the various stages, it will again become obvious how the full picture of MPP develops.
STAGE 1
The vitreous, normally transparent, begins to have a diffuse haze. Isolated pigment epithelial macrophages appear as fine brown dots under the retina in the vitreous cavity and tend to accumulate on the surface of the inferior retina. Under the retina they usually remain undetectable unless a convoluted retinal flap allows observation of the undersurface of the retina (Laqua and Machemer, 1975b) . In the vitreous cavity the pigmented macrophages are known as 'tobacco dust' (Hamilton and Taylor, 1972) . These findings are not typical simply for MPP but are encountered in practically all rhegmatogenous retinal detachments. However, the vitreous haze and the number of brown dots markedly increase in MPP. STAGE 2 Further proliferation of the macrophages results in cluster formation. These clusters become visible clinically as lightly pigmented or greyish clumps in the vitreous cavity and on the retinal surface and also as yellowish brownish clumps under the detached retina (Machemer and Laqua, 1975; Machemer and Norton, 1968) . The intravitreal clumps have been described by Havener (1973) , Scott (1976) , and Tolentino et al. (1967) . Whereas 'tobacco dust' (Hamilton and Taylor, 1972) represents only a large number of isolated macrophages (Machemer and Laqua, 1975) , clump formation is the first indication of cells beginning to stick together and to form membranes (Machemer and Laqua, 1975; Laqua and Machemer, 1975b (Tolentino et al., 1967; Havener, 1973) . Strands seen in the anterior vitreous may fuse with this membrane. Often the membrane has one or more round to oval openings or gaps, which often contain vitreous with an anteroposterior orientation of fibrils (Havener, 1973) . The membranes are under tension and decrease the mobility of the vitreous.
Preretinal membranes are often not visible as such, though secondary changes are indicative of the membrane.
I have been able to verify in man the tiny superficial starfold which was seen in animal experiments (Laqua and Machemer, 1975b) , which wrinkles only the surface of the retina in a very localised area (Fig. 9 ). This is possible only when the vitreous is clear enough to allow good visualisation of the retina and with the help of a contact lens and high magnification.
Large thin membranes on the surface of the retina cause irregular reflexes (cellophane appearance) because of wrinkling of the internal limiting membrane and irregularities on the membrane surface. Vessels become less visible. Slight contraction of the membranes results in tortuosity of the vessels (Laqua and Machemer, 1975b) (Fig. 10 ) or in their stretching outside the area of the membrane. The retina becomes stiff. Normal detached retina undulates easily after quick eye movements; the retina in MPP retains its position nearly unchanged. Together with this one observes a shifting of the subretinal fluid, which is an indication that the retina, though seemingly flattened, is no longer adherent to the pigment epithelium. The increasing preretinal membrane formation and the consequent (Figs. 1 la, b) . Contraction of a localised subretinal membrane also causes a full-thickness starfold very similar in appearance to the better-known preretinal one (Laqua and Machemer, 1975b) . Careful analysis of this fold reveals that the centre is raised instead of depressed and that the radiating folds are centripetally connected to each other instead of terminating before the centre (Figs. 12a, b) . stiffening of the retina also account for the fact that the location of the subretinal fluid no longer conforms to the location of the retinal hole.
Impressive changes also occur at the edges of the retinal holes. Since there is relatively little resistance to contraction of these small preretinal membranes, the posterior edges of the holes tend to curl inwards. This sign has recently been emphasised by Scott (1976) .
It is difficult to demonstrate thin subretinal membranous sheets when seen through an altered retina. However, they do exist and have in fact been peeled from the undersurface of a folded retina during vitreous surgery by the author.
STAGE 4
During the fourth stage membranes become more pronounced. They are contracted heavily and are visible because of increased collagen deposits.
The posterior vitreous membrane is very prominent and the anterior vitreous is heavily condensed and contains strands and pigmented cell clusters. With further contraction of the posterior vitreous membrane and with the retina being pulled increasingly towards the centre of the eye the space in the anterior vitreous cavity is reduced. Vitreous may be forced posteriorly through the gaps in the posterior vitreous membrane. This explains the anteroposterior orientation of the vitreous fibrils seen in these holes.
Contraction of localised preretinal membranes typically leads to the formation of isolated, fullthickness starfolds (Laqua and Machemer, 1975b) with a depressed centre and converging folds that The retina is now irregularly folded; it looks thickened and has a yellow colour. These folds can be caused by a shrinking preretinal membrane (Fig. 1 3a) and are called full-thickness irregular folds. One is sometimes able to recognise strands bridging across the cascade-like retinal folds, but usually the folds are simply pulled tightly together. Vessels disappear completely in these folds (Fig. 1 3b) . Subretinal folds-difficult to diagnose clinically but confirmed at vitreous surgery in folded-over retinacan also cause the full-thickness of the retina to fold (Fig. 14) . Very typical for this stage is the development of a circumferential retinal fold, which is usually located in the equatorial plane. First suggestions of this fold begin to show in stage 3. The fold represents the border between the detached posterior vitreous surface and the adherent vitreous base, and often presents itself as an irregular, peripheral, greyish ring-like structure (Fig. 15) . It is interesting to note that, while the retina posterior to the circumferential fold is usually irregularly folded, it is flat anteriorly except for some radial folds. This phenomenon can be understood when one remembers that cells 744 group.bmj.com on August 28, 2017 -Published by http://bjo.bmj.com/ Downloaded from posterior retina forming a steep funnel (Fig. 17a) (Fig. 16) .
When all the posterior retinal surface is folded Fig. 16 Clinical photograph ofperipheral retina in MPPand the posterior vitreous plane has contracted, the While the posterior retina is heavily folded, the peripheral typical funnel-shaped picture of MPP has developed, retina appears stretched with some radial folds only. 
